Introduction: Hydatidosis is the result of infection with the larval stages of some species of the genus Echinococcus. Treatment approaches for hydatid cysts include the use of albendazole, surgery, and/or medico-surgical procedures. The choice of the therapeutic surgical approach depends on the cyst number and localization, surgeon expertise, and presence of complications. The present study aimed to compare the outcomes of the following therapeutic approaches for the treatment of hepatic hydatid cysts: pericystectomy; the puncture, aspiration, injection, and reaspiration (PAIR) technique; and the PAIR technique followed by deroofi ng, evacuation of cysts, and omentoplasty. Methods: The 54 patients were divided into 3 groups: Group I (14 patients) who underwent pericystectomy, Group II (23 patients) who underwent the PAIR technique, and Group III (17 patients) who underwent the PAIR technique followed by deroofi ng and omentoplasty. The diagnosis of hydatid cysts was based on serological testing using enzyme-linked immunosorbent assay, abdominal ultrasound, and parasitological examination of the cyst contents. Morbidity, mortality, length of hospital stay, recurrence, and postoperative complications were evaluated. Results: Postoperative bleeding, infection, and recurrence were reported in Groups I and II; Group III did not experience postoperative infection and had shorter hospital stays. Recurrence and postoperative complications did not occur in Group III. Conclusions: The partial surgical procedure with deroofi ng, evacuation of the cysts, and omentoplasty, as performed in the present study, is recommended as a safe and effective method for elimination of the entire parasite with minimal possibility for intra-peritoneal spillage.
Hydatidosis, or cystic echinococcosis, is one of the major global zoonotic infections (1) . Larval stages of Echinococcus granulosus develop in the internal organs of humans and various intermediate hosts as unilocular fl uid-fi lled cystic lesions (2) . Hydatid cysts consist of an internal germinal layer and an outer laminated layer. The parasite cysts gradually expand and cause a granulomatous host reaction, followed by the development of a fi brous tissue layer (3) . Most primary infections consist of a single cyst and are usually asymptomatic for a long period of time because of the typically slow cyst growth. The cysts are usually localized in the liver (75% of cases), although other organs may be affected. The signs and symptoms of liver hydatidosis include hepatomegaly, right/epigastric pain, nausea and vomiting (4) .
Abdominal ultrasonography is considered the gold standard for defi ning the number, site, dimensions, and vitality of cysts as well as evaluating treatment options (5) . A defi nitive diagnosis of a hydatid cyst is confi rmed by identifi cation of protoscolices, refractile hooks, or fragments of a laminated membrane after surgery (6) .
Even in asymptomatic patients, probable complications can be avoided through treatment of the hydatid disease. There are three therapeutic modalities for hepatic hydatid cysts: chemotherapy; surgery (either open traditional or laparoscopic methods); and the puncture, aspiration, injection, and reaspiration (PAIR) technique (7) . A radical cystectomy and hepatectomy approach is the traditional mode of treatment; however, it results in prolonged hospitalization, a morbidity rate of 14-60%, and an overall mortality of up to 7.8% (8) . Operative procedures varying from complete resection to minimal invasive techniques have been developed, but the ideal treatment is still a matter of controversy (9) (10) (11) .
Instead of surgical removal, one recommended therapeutic procedure for hepatic hydatid cysts is the PAIR technique, which involves needle aspiration and concurrent chemotherapy (12) and satisfi es all of the surgical goals for hydatid disease by sclerosing the germinal membrane and separating the laminated membrane with scolicides (13) . However, the mainstay of therapy METHODS currently consists of well-planned surgical techniques and appropriate procedures based on the correct evaluation of disease complications and performed by an experienced team, with adequate postoperative support (14) .
The present study aimed to investigate the clinical and serological outcomes of three treatment options for hepatic hydatid cysts: surgical removal of the cyst (pericystectomy), the PAIR technique, and the PAIR technique, followed by deroofi ng, evacuation of the cysts, and omentoplasty.
The cohort consisted of 54 patients who presented with isolated hepatic hydatid cysts; were admitted to the Department of Surgery, National Hepatology and Tropical Medicine Research institute between 2007 and 2014; underwent one of the three different therapeutic interventions; and were followed for up to 7 years. The patients were divided into three groups according to the therapeutic approach: retrospective cohort of 14 patients who underwent radical surgical removal of the hepatic hydatid cysts (pericystectomy; data were collected from medical records); prospective cohort of 23 patients who underwent the PAIR technique; and prospective cohort of 17 patients who underwent the PAIR technique followed by deroofi ng and evacuation of the cyst contents (used for large cysts ≥5cm in diameter or a failed PAIR procedure). All of the patients were administered albendazole tablets at a dose of 400mg twice daily for two weeks to one month before the therapeutic procedure and for 6 months after therapy.
After collection of a detailed history and clinical examination, the preoperative diagnosis was based on ultrasonography and triphasic computed tomography, serological results in positive cases, and postoperative parasitological examination of cyst contents. During the abdominal ultrasound examination, the condition of the cysts (cyst size, site, number, contents, and wall as well as the surrounding liver parenchyma) and involvement of other organs were recorded. Although patients with hydatid cysts in other organs were excluded from this study, they were managed according to the institutional protocol in the corresponding department.
The following data were recorded for each admission: age; sex; clinical evaluation; imaging evaluation; number, size, and location of the cysts; previous surgery for liver hydatidosis; length of hospital stay; postoperative morbidity; postoperative mortality; and recurrence rates. Pre-and postoperative investigations included complete blood count, blood group typing, and liver function tests. During the followup, the residual cavity, possible infection, and recurrence were investigated.
Follow-up
The prospective follow-up for Groups II and III was conducted twice a month for 3 months, followed by once a month for 1 year and every 3-6 months for the rest of the follow-up period.
Surgical procedures
Pericystectomy: during the pericystectomy, the cyst was dissected along its boundary with healthy liver tissue. Blood vessels and small biliary structures passing through the plane between the normal liver tissue and cyst were clamped and divided.
PAIR technique: the PAIR technique was conducted under local anesthesia, guided by ultrasound visualization, and involved puncture, aspiration of the cyst contents, injection of hypertonic saline solution ±100% alcohol, and re-aspiration of all fl uid (PAIR) for small cysts (<5cm) or catheterization for large cysts (≥5cm). The initial puncture was performed using the free hand technique and an 18G needle using a trans-hepatic approach. All of the fl uid in the cyst was aspirated, except for enough fl uid to allow visibility of the needle tip, and tested using a dipstick test (Multistix SG; Bayer Diagnostics) for the presence of bile salts and pigments to rule out biliary communication (15) .
Combined surgical procedure: the PAIR technique was performed followed by de-roofi ng and evacuation of the cysts, as indicated in Figure 1 , with modifi cation (16) . With the patient in the supine position and under general anesthesia, an incision was made on the abdomen at the right sub-costal; this incision was either simple or extended to the double sub-costal or upper midline. The liver was assessed using routine intra-operative ultrasonography. The hepatic cystic lesion was identifi ed and gradually isolated from both the surrounding abdominal wall incision and intra-abdominal visceral contents using dry towels fi rst, followed by wet towels with normal saline, wet towels with 3% hypertonic saline, and wet towels with 16-20% hypertonic saline ( Figure 1A) . The affected segment was also isolated as described. Using a 10-mL syringe, the cyst was aspirated from the roof for parasitological examination ( Figure 1B) . A small, 2-3-mm incision allowed for introduction of the aspirator into the cyst ( Figure 1C) , and 16-20% hypertonic saline was injected after complete aspiration of the cyst contents. The opening was closed, and the hypertonic saline was aspirated after 5-7 minutes ( Figure 1D ). The process was repeated until the cyst contents were completely evacuated. The roof of the cyst was removed at the junction with the liver tissue using mono-polar diathermy, bi-polar diathermy, and a harmonic scalpel ( Figure 1E) .
The internal wall of the cyst was explored for biliary radical connections ( Figure 1F ). Minor biliary radical connections were ligated using Proline 3/0 or 4/0, depending on the size of the duct, and connections with major bile ducts were managed using intra-operative cholangiography. The internal wall of the cyst was then swabbed with hypertonic saline and Betadine; to completely destroy the fl oor and inside layer of the cyst, it was cauterized ( Figure 1G ) using mono-polar diathermy in both coagulation mode and spray mode. After completely destroying the entire cyst and reaching good homeostasis, the residual cavity of the cyst was packed with part of the omentum, and the cyst was closed with a nearby drain ( Figure 1H ).
Parasitological examination
For direct parasitological examination, hepatic cysts removed surgically were macroscopically examined for size and shape; then, the cysts were dissected, and the layers were properly examined for the characteristic shape of the germinal layer. Aspirated fluids from operated or aspirated cysts were microscopically examined as wet unstained mounts and resuspended pellets after centrifugation at 500× g for 10 minutes to detect scolices or hooks (3-5 smears were examined for each sample).
RESULTS

Rev
Serological investigation
Serum samples were obtained before the therapeutic intervention and during the follow-up visits and tested for antihydatid antibodies using the anti-Echinococcus immunoglobulin G (IgG) human enzyme-linked immunosorbent assay (ELISA) Kit (Abcam, USA) according to the manufacturer instructions. Samples were diluted (1:100), added with controls to wells, and incubated at 37°C for 1 hour. Wells were washed, conjugate was added, and wells were incubated at room temperature for 30 minutes. After washing, 3,3',5,5'-tetramethylbenzidine (TMB) substrate was added to the wells and incubated at room temperature for 15 minutes. After incubation, stop solution was added, and absorbance values were measured at 450nm. Positive samples had absorbance values >1.3.
Statistical analysis
All data were statistically analyzed using Statistical Package for the Social Sciences (SPSS) version 16 for Windows (SPSS Inc., Chicago, IL, USA). Data are reported as mean values for quantitative variables and percentages for qualitative variables. Analysis of variance (ANOVA) and student's t-tests were used 
Ethical considerations
Informed written consent was provided by each patient before inclusion, and the study was conducted according to the institutional ethical and professional guidelines for the management and follow-up of patients.
The 54 patients with hepatic hydatid cysts (19 women, 35 men) were aged 22-54 years (mean, 34 years). As shown in Table 1 , the predominant clinical presentation was abdominal pain [n = 45 (83.3%); p < 0.05]. Table 1 shows that the pre-therapy ELISA was positive in 39 (72.2%) patients. Liver function was normal in all of the patients. After the therapeutic intervention, 5 (35.7%) patients in Group I had abnormal liver enzymes; none of the patients in Group II or III had changes in liver enzymes ( Table 2 ).
The patients in Group I had signifi cantly longer hospital stays (10-21 days) than the patients in Group II (1-2 days) or Group III (2-4 days; p < 0.001). No biliary communication was observed in any of the patients. In Group I, postoperative bleeding occurred in 2 (14.3%) patients, and postoperative infection occurred in 4 (28.6%) patients. Recurrence occurred in 2 (14.3%) patients, and 3 (21.4%) patients died shortly after the operation due to anaphylactic shock resulting from ruptured cysts. In Group II, recurrence occurred in 8 (34.8%) patients; in Group III, no recurrence occurred.
In Group III, two drains were placed in the wounds of 3 (17.6%) patients, and one drain was maintained in the wounds of the remaining 14 (82.4%) patients. The average duration of draining was 3 days (range, 2-4 days). No serious complications or life-threatening conditions were reported in any of these 17 patients. Postoperative wound infection was recorded in one (5.8%) patient in Group III, 4 (28.6%) patients in Group I, and 3 (13%) patients in Group II.
The parasitological examination revealed spherical cysts ranging from 5.3 × 6.8 to 11.2 × 13.4cm in diameter; the differences in cysts sizes between the groups were not signifi cant. The characteristic shape of the germinal layer was observed, and aspiration of the cyst contents revealed colorless, clear, and gelatinous fl uid. Protoscolices of E. granulosus were observed on microscopic examination of the aspirated cyst contents.
DISCUSSION
In the present study, the partial procedure (Group III) was superior to the radical surgical procedures, with less morbidity and mortality and shorter hospital stays. Rupture of hydatid cysts can lead to anaphylaxis or dissemination (17) (18) . Secondary infection and pressure to nearby organs after reaching remarkable sizes were observed as well. Avoidance of probable complications can be achieved by early diagnosis and treatment of hydatid disease even in asymptomatic cases (19) .
In general, the diagnosis of a hydatid infection requires a variety of laboratory investigations and imaging techniques to confi rm the clinical suspicion. The results of serological examinations for specifi c antibodies need to be constantly linked to different diagnostic parameters, and negative serological tests do not exclude an infection with a hydatid cyst (20) . This is supported by the present fi ndings, as only 39 (72.2%) of the 54 patients had positive ELISA results. Because the results of immunological diagnostic methods vary, they are insuffi cient as a single test for defi nitive diagnosis (21) . In the present study, a defi nitive diagnosis of hydatid cyst was confi rmed by direct parasitological examination and identifi cation of protoscolices and refractile hooks.
Therapeutic options for cystic echinococcosis are surgery, chemotherapy, and interventional procedures (22) . The majority of investigators recommend the use of albendazole prior to any surgical intervention (11) to facilitate safe surgical manipulation because albendazole inactivates protoscolices, changes the integrity of cystic membranes, reduces intra-cystic pressure, and reduces the turgidity of the cysts. A good response was achieved with medical treatment in only 30% of 1,000 patients with a hydatid cyst, the cyst decreased in size in 30-50% of the patients, and no changes were reported in 20-40% of the patients (22) . However, albendazole has been found ineffective in many patients (23) .
The recommended regimen of albendazole administration was followed in the present study: 400mg twice daily for at least two weeks before the procedure and for 6 months after surgery (24) . Administration of albendazole can minimize the risk of the intra-operative spread of scolices and reduce the risk of possible recurrence (25) (26) .
Surgical techniques for the treatment of hepatic hydatid cysts range from hepatic resection to simple cyst evacuation and partial pericystectomy. These procedures eventually eradicate the entire parasite, resulting in a complete cure without recurrence. However, the technical procedures remain controversial (27) .
Although simple to perform, conservative operations have been criticized for a high frequency of postoperative bile leaks and disease recurrence (28) . Similarly, recurrence was recorded in 8 patients who underwent the PAIR technique in the present study. Although some authors state that the PAIR technique is contraindicated due to potential anaphylaxis and spillage of scolices (12) , other investigators have reported neither anaphylaxis nor dissemination with the PAIR technique (29) .
In the present study, mortality and morbidity occurred in 21.4% and 28.6%, respectively, of patients in Group I, who underwent radical pericystectomy. Similarly, overall morbidity of 20% in patients who underwent total pericystectomy and hepatic resection was reported previously (30) . As in the present study, most of the reported deaths in previous studies resulted from postoperative septic complications and anaphylaxis (31) .
No mortality and signifi cantly lower rates of morbidity were reported for Group III. Therefore, mortality and morbidity were remarkably higher with the radical procedures than with the conservative surgical option. A previous meta-analysis reported rates for mortality of 2%, morbidity of 23%, and recurrence of 10.4% with radical operations (27) , and the authors suggested that procedures that remove the parasite and retain the pericyst are easier to conduct than radical methods. Moreover, many surgeons consider that the radical methods are too radical for a benign disease (11) .
Compared with radical procedures, conservative procedures have a higher possibility of recurrence, occurring in 10-30% of patients, which remains one of the most signifi cant problems with surgery for hydatid cysts (32) (33) (34) . When recurrent disease occurs, additional surgeries are likely associated with increased rates of operative morbidity and mortality (35) . Recurrence occurs due to inadequate cyst removal or previously undetected cysts (36) .
In the current study, no recurrence of cysts was reported during the 7-year follow-up period for the 17 patients in Group III, who underwent a partial cystectomy and omentoplasty. During this procedure, the diagnosis was confi rmed differently, to avoid leakage and sterilize the cyst contents before opening the cystic lesion. In addition to the preoperative medical treatment, PAIR technique, and parasitological diagnostic procedure, the surgeons performed intra-operative aspiration and injection of a scolicidal agent following strict isolation of the abdominal wall and viscera using operative packs soaked with the scolicidal agent.
The application of the dry operative packs, followed by the gradual increase in the concentration of the scolicidal agent within the packs in the present study might explain the absence of the systemic or local toxicity that has been reported previously with the use of formalin (17) or formalin, ethanol, hypertonic saline, and silver nitrate, which resulted in adhesions using cetrimide and sclerosing cholangitis (37) . Furthermore, the partial cystectomy and omentoplasty helped to avoid biliary fi stula.
The length of hospital stay was signifi cantly longer with the radical procedure than with the other techniques. The length of hospital stay generally differs based on the technique; the stay is reportedly 1-4 days with a percutaneous approach (11) and 6-15 days with surgical treatment (15) (37) (38) .
To monitor remaining or relapsing hydatid cysts, ELISA or other serological techniques are considered useful not only for diagnosis but also for the post-surgical follow-up period (39) . In the present study, assessment of serum anti-hydatid antibodies using ELISA resulted in positive readings during the postoperative follow-up period, limiting its usefulness for postsurgical monitoring. Similarly, different immunoglobulin isotypes were detected 3 years after surgical removal of cysts in patients showing no evidence of remaining cysts (40) (41) .
In conclusion, although hydatid disease remains a signifi cant public health problem, it is neglected in endemic areas such as Egypt. The diagnostic approach to hepatic hydatid disease should involve a combination of imaging and laboratory techniques and serological analysis. Chemotherapy alone is not suffi cient for the treatment of hydatidosis; instead, it should be combined with the preferred surgical option because it helps to reduce recurrence related with spillage of the cyst contents during interventions. The main goal of the treatment should be parasite elimination, without recurrence and with minimal morbidity and mortality. Although surgical procedures are considered the gold standard therapeutic option for hydatidosis, controversy remains regarding the optimal surgical approach. In the present study, the partial surgical procedure was the most effi cient technique and appears to be a safe, simple, and effective technique that meets all of the criteria for surgical treatment of hydatid disease, including elimination of the entire parasite without destruction of healthy tissue and precautions that prevent intraoperative spillage.
